The killing of cultured hepatocytes by N-acetyl-p-benzoquinone imine (NAPQI) as a model of the cytotoxicity of acetaminophen.
The killing of isolated hepatocytes by N-acetyl-p-benzoquinone imine (NAPQI), the major metabolite of the oxidation of the hepatotoxin acetaminophen, has been studied previously as a model of liver cell injury by the parent compound. Such studies assume that the toxicity of acetaminophen is mediated by NAPQI and that treatment with exogenous NAPQI reproduces the action of the endogenously produced product. The present study tested these assumptions by comparing under identical conditions the toxicity of acetaminophen and NAPQI. The killing of hepatocytes by acetaminophen was mediated by oxidative injury. Thus, it depended on a cellular source of ferric iron; was potentiated by 1,3-bis(2-chloroethyl)-1-nitrosourea (BCNU), an inhibitor of glutathione reductase; and was sensitive to antioxidants. By contrast, the cytotoxicity of NAPQI was not prevented by chelation of ferric iron; was unaffected by BCNU; and was insensitive to antioxidants. Thus, the killing of cultured hepatocytes by NAPQI occurs by a mechanism different from that of acetaminophen. The killing by NAPQI was preceded by a collapse of the mitochondrial membrane potential and a depletion of ATP. Monensin potentiated the cell killing, and extracellular acidosis prevented it. These manipulations are characteristic of the toxicity of mitochondrial poisons, and are without effect on the depletion of ATP and the loss of mitochondrial energization. Thus, mitochondrial de-energization by a mechanism unrelated to oxidative stress is a likely basis of the cell killing by NAPQI. It is concluded that treatment of cultured hepatocytes with NAPQI does not model the cytotoxicity of acetaminophen in these cells.